Background: The cut-off points of newborn anthropometric variables to identify low birthweight (i.e., birthweight < 2500 g) have varied between studies or even within the same study. Methods: Meta-analysis was performed to summarize cut-off points in studies judged as good quality based on the Quality Assessment of Diagnostic Accuracy Studies tool (QUADAS). PubMed (MEDLINE) and nine other databases were searched (January, 2015). PubMed related-citations and references of potentially eligible articles and related reviews were also investigated. The Egger test was used to assess publication bias. Results: With respect to head, chest, and arm circumferences, the cut-off points that involved no publication bias could be summarized based on the data from large numbers of newborns (=21,793, 8917, and 12,912, respectively) in relatively sufficient numbers of studies (=17, 15, and 19, respectively). The optimal cut-off points to identify low birthweight were 33.0 cm (95% confidence interval [CI], 32.8 -33.2), 30.4 cm (95% CI, 30.3 -30.6), and 9.3 cm (95% CI, 9.1 -9.4) for head circumference, chest circumference, and arm circumference, respectively. The summarized cut-off point of birth height, i.e., 47.2 cm (95% CI, 46.7 -47.7), used to identify low birthweight involved publication bias (n = 13). Conclusion: The cut-off points were determined to identify low birthweight using head, chest, and arm circumferences.
early diagnosis of low birthweight are required to provide immediate and appropriate care for such infants. Infants are sometimes born at home or other places outside hospitals not only in developing countries but also in developed countries. Scales, as sensitive to one g as those used in hospitals, specifically designed to weigh infants are unavailable at these locations. The measuring tape to measure birth height, head, arm, and chest circumferences, etc., would be a better substitute for such scales and are much cheaper and more portable than the scales. Evidence based on only good quality studies included in a previous metaanalysis was provided to evaluate the diagnostic performance of newborn anthropometric variables for prediction of low birthweight [2] . It was concluded that thigh circumference or foot length (n = 6 or 8, respectively) does not show a satisfactory diagnostic accuracy, but chest or arm circumferences (n = 25 or 30, respectively) have a high accuracy in predicting low birthweight in developing countries. On the other hand, other variables including birth height could not be evaluated because there were low numbers of studies. However, the cut-off points of the evaluated variables have varied between studies or even within the same study.
A meta-analysis including the good quality studies was performed to estimate the cut-off points of newborn anthropometric variables to identify low birthweight.
Materials and Methods

Primary Outcome and Selection Criteria
The primary outcomes were the summarized cut-off points of newborn anthropometric variables to identify low birthweight. The probabilistic model of the simple regression line between birthweight (i.e., 1 2 3 , , , , n x x x x  ) vs. newborn anthropometric variable (i.e., 1 2 3 , , , , n y y y y  ) is expressed as follows:
where n is sample number, and i ε is the normally distributed random error of which the mean is zero. With respect to the least square line (i.e.,
where S represents sum of squares or sum of cross products, and x and y are the means of x and y, respectively. In addition, xx S , xy S , and yy S can be calculated based on:
where σ is the standard deviation (i.e., x σ and y σ are standard deviations of x and y , respectively), and r is the correlation coefficient. With respect 
where Ve is residual variance and t is the 0.975 quantile of the normal distribution. Based on Equations (1)- (5), the inclusion criteria were: (a) studies that provided data on the numbers of apparently healthy newborns, the means and 
Search Strategies, Study Selection, and Data Extraction
Study Quality Assessment
Study quality was assessed based on the Quality Assessment of Diagnostic Accuracy Studies (QUADAS), a tool for quality assessment of studies of diagnostic accuracy included in systematic reviews, consisting of 14 question items [5] .
Study quality was assessed five times, and the most frequent responses were selected as the most appropriate responses to ensure accuracy wherever possible.
One and zero were allotted to "yes" responses to the QUADAS items and to other responses (i.e., "no" and "unclear"), respectively. The QUADAS score was defined as the sum of the allotted numbers. The QUADAS scores ≥ 8 and <8
were considered to be good quality and poor quality, respectively.
Statistical Analysis
Stata MP 13/1 (StataCorp LP, College Station, TX, USA) was used for statistical analysis. A meta-analysis was conducted to summarize the cut-off points determined using the regression lines that were applicable to individual studies. A random-effects model and a fixed-effects model were applied to summarize heterogeneous data (i.e., 2 50% I ≥ ) and homogenous data (i.e., 2 50% I < ), respectively [6] . Attempts were made to achieve homogeneity for the heterogenous data by selecting the studies limiting to Africa, Asia, Europe, Latin America, the Middle East, North America, or Oceania, individual countries, developing or developed countries, QUADS score ≥ 10 or <10, and male or female newborns (investigation of heterogeneity sources). The cut-off points were summarized separately depending on the same limitations as investigation of heterogeneity sources, if sufficient numbers of studies (≥3) were included (subgroup analysis). The effect of these categorizations on the summarized cut-off points was evaluated to reveal covariates (meta-regression analysis). Meta-regression analysis used a random-effects model based on some occasions where there is residual, or unexplained, heterogeneity [7] . The Egger test was used to assess publication bias (publication bias assessment) [8] . Ethical approval is not required because this study does not use newly human or animal subjects.
Results
Systematic Review
Twenty five articles were finally included, as shown in the flow diagram of study selection ( Figure 1) . Two of them [9] [10] represented duplications, and there-E. Goto Figure 1 . Meta-analysis flow diagram. From 25 articles finally included in this study, the data of a large number of newborns (=22,358, 21,793, 8917, and 12,912) in a sufficient number of studies (=13, 17, 15, and 19) were extracted to summarize the cut-off points of birth height and head, chest, and arm circumferences, respectively, which supported external validity (i.e., the generalizability of the findings). fore they were integrated into one data source (Table 1 ). More than one study was extracted from one article that used more than one anthropometric variable and/or more than one population. Therefore, a total of 64 studies in Africa, Asia, Europe, Latin America, the Middle East, North American, and Oceania were initially extracted from these 25 articles ( [25] . Longer black and gray bars (i.e., more "yes"
and "unclear" responses) relative to shorter white bars (i.e., fewer "no" responses) in Figure 2 indicate the overall good quality of the studies, which supported internal validity (i.e., the findings were subject to no serious bias). Table 2 shows the summarized cut-off points of birth height and head, chest, and arm circumferences in the total population and subgroup (meta-analysis and subgroup analysis). Almost all of the data were heterogeneous ( 2 73.0% 100% I = − ). Homogeneity was limited to the data used to summarize the cut-off points of head circumference in Europe ( 2 0.0% I = ) (investigation of heterogeneity sources). The summarized cut-off points of birth height and head, chest, and arm circumferences in the total population were similar to those calculated based on individual studies ( Figure 3 ) and those in all subgroups ( Table  2) . Study region or country vs. other regions or countries, developing vs. developed countries, QUADAS score ≥ 10 vs. <10 or males vs. females was not shown to be a covariate (P = 0.09 -1.00) ( Table 2 ) (meta-regression analysis). No publication bias was detected in the summarized cut-off points of head, chest, or arm circumference in the total population (P = 0.05 − 0.82), but publication bias was detected in the summarized cut-off point of birth height in the total population (P = 0.03) (publication bias assessment).
Meta-Analysis
Discussion
Main Findings
This is the first meta-analysis to summarize the cut-off points of anthropometric variables to identify low birthweight. This meta-analysis provided the optimal cut-off points of head, chest and arm circumferences to identify low birthweight (Table 2 ). These cut-off points did not involve publication bias. The summarized cut-off point of birth height involved publication bias, and therefore it could not be recommended as the optimal cut-off point. The findings may be generalizable (i.e., external validity), because head, chest, and arm circumferences were measured on large numbers of newborns (=21,793, 8917, and 12,912, respectively) in relatively sufficient numbers of studies (=17, 15, and 19, respectively) that were also extracted from relatively sufficient numbers of articles (=14, 14, and 19, respectively). Furthermore, there were no studies in which the spectrum of participants was not clearly representative of those that would receive the test in practice (Figure 2 ). In addition, heterogeneity may suggest that various populations were included. The findings are also unlikely to be seriously affected by bias (i.e., internal validity), because only good quality (i.e., QUADAS score ≥ 8) studies were included. This reflects that the numbers of "yes" or "unclear" responses to the QUADAS items were greater than those of "no" responses ( Figure 2 ). Figure 2 . Results of study quality assessment using the Quality Assessment of Diagnostic Accuracy Studies. Longer black and gray bars (i.e., more "yes" and "unclear" responses) relative to shorter white bars (i.e., fewer "no" responses) indicate the overall good quality of the included studies, which supports internal validity (i.e., the findings were subject to no serious bias). Figure 3 . Forest plots to summarize the cut-off points of head, chest and arm circumferences to identify low birthweight. ES, effect size (i.e., summarized cut-off point).
E. Goto
Interpretation
It was impossible to clarify the sources of heterogeneity. Homogeneity was achieved from the heterogeneous data used to summarize the cut-off points of head circumference only by limiting to Europe, but such a limitation included only three studies two of which were extracted from the same article (Table 2) .
On the other hand, the sources of heterogeneity and covariates did not seriously affect the interpretation of the results as follows. The cross-country similarities in fetal growth and birth size indicated in the INTERGROWTH-21st
Project [26] reflects that the cut-off points of birth height and head, chest, and arm circumferences were similar between the total population vs. individual studies or subgroups ( Figure 3 and Table 2 ). In addition, study region or country vs. other regions or countries was not a covariate in this study (Table 2 ). It was also not shown that QUADAS score ≥ 10 vs. <10 or males vs. females is a covariate.
Strengths and Weaknesses
One strength of this study was the overall accordance in procedures between this study and the guidelines for conducting meta-analyses [27] [28] . The study procedures included formulating a research question, determining the study design, selecting the studies, extracting the data, performing statistical analysis, interpreting the findings, and drafting the manuscript.
Another strength was the accordance in optimal cut-off points between this and another studies. Based on the Youden indices on summary receiver characteristic operating curves, the cut-off points of chest and arm circumferences were previously estimated to be 29.5 -30.5 cm and 8.5 -9.5 cm, respectively, to identify low birthweight [2] . The other strengths of this study were: (a) external validity supported by including large numbers of participants in various populations that were extracted from relatively sufficient numbers of studies and (b) internal validity supported by limiting to the inclusion of good quality (i.e., QUADAS score ≥ 8) studies.
Weaknesses of this meta-analysis included that only a single person was involved in reviewing studies and assessing study quality, and there was no contact with the authors to examine the raw data. However, the article selection process was repeated periodically to prevent missing articles, and study quality assessment was repeated five times to increase the reliability of the assessment.
Another weakness was the limitation to extrapolate the results to groups that were not included in this analysis or for which there were too low numbers of studies to support generalizability of the findings. These groups included preterm or full term newborns, small for gestational age or appropriate for gestational age, intrauterine growth retardation, multiple births, and unhealthy newborns.
In addition, the inclusion of more studies with higher quality would provide more optimal cut-off points. For example, studies in which the index test was blind to the results of the reference standard and vice versa would eliminate or minimize bias that may still be latent in this study.
Conclusion
The conclusions of this meta-analysis and meta-regression are significant for people in the community, health professionals, and public health policy-makers.
The optimal cut-off points to identify low birthweight are 33.0 cm (95% CI, 32.9 -32.8), 30.4 cm (95% CI, 30.3 -30.6), and 9.3 cm (95% CI, 9.1 -9.4) for head, chest, and arm circumferences, respectively.
